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Abstract 
 This study analyzed the pressure and force required to cut an object with a standard 
kitchen knife and two adaptive knives.  Occupational therapists recommend adaptive utensils 
such as kitchen knives.  The appropriate tool or adaptive device reduces joint force and pressure 
and helps keep joints properly aligned to reduce pain during daily activities for individuals with 
arthritis.  This research seeks to add to the body of knowledge to support the use of adapted 
equipment.  Methods:  Thirty-three participants were included in this study.  Data were collected 
using a hand sensor and software made by Novel Pliance-X.  This tool was found to be reliable 
and valid (Lai & Li-Tsang, 2009).  Results:  Researchers found that the DuoGlide offset slicer 
knife required significantly less pressure to cut as compared to a standard kitchen knife and a 
knife with a handle at 90˚.  The DuoGlide also required significantly less force to cut with than 
knife with a handle at 90˚.  The knife with a handle at 90˚ required significantly more pressure 
and force to cut with than the standard knife and the DuoGlide.  The majority of participants 
reported that they preferred the DuoGlide compared to the other two knives.  Conclusion:  These 
results do not support the literature in tool design that tools with perpendicular handles to the 
push pull direction require less pressure and force to use than tools with straight handles (Seo, 
Armstrong, & Young, 2010).  Overall, this research indicates that the DuoGlide offset slicer 
knife requires the least pressure and force and may be recommended to individuals with arthritis.  
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Key Concepts 
Osteoarthritis (OA). OA is a degenerative disorder of the synovial joints (Walker, 2009).  The 
most common symptoms associated with OA are pain, joint swelling, and stiffness in the joints. 
 
Rheumatoid arthritis (RA).  RA is a chronic, inflammatory disease in which the immune 
system attacks the synovial lining in the joints resulting in pain and inflammation.  To establish 
the diagnosis of RA, an individual must have four or more of the following symptoms for a 
duration of at least six weeks: (a) morning stiffness in the joints, (b) symmetrical symptoms on 
both sides of the body, (c) a positive serum rheumatoid factor, (d) rheumatoid nodules, (e) 
arthritis in three or more joint areas including the hands, and (f) radiographic evidence (Scott & 
Kingsley, 2008; Tehlirian & Bathon, 2008).   
 
Adaptive equipment.  Adaptive equipment is any device designed to help individuals with 
physical limitations to be independent in their daily lives (Kraskowsky & Finlayson, 2001).   
Knives. For this study the adaptive equipment used was various kitchen knives.  The first 
knife is a standard kitchen knife.  The second knife has at a 90̊ angle, and the third is the 
DuoGlide offset slicer knife recommended by the Arthritis Foundation.  All three knives 
have serrated blades and built up handles. 
 
Joint protection.  Joint protection involves techniques and devices to support joints, reduce 
mechanical stress, and absorb shock (Cordery & Rocchi, 1998).  This study used adapted knives 
to support joint protection. 
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Novel Pliance-X systems.  Novel Pliance-X systems are sensor elements arranged in a matrix 
designed to conform to 3-dimensional objects.  They attach to Novel Pliance electronics 
hardware on a computer for pressure analysis.	  
(http://www.novelusa.com/index.php?fuseaction=systems.pliance) 
 
Force. Force is equal to mass times acceleration (Serway & Vuille, 2012). 
 
Grip strength. Grip strength is the maximum force generated by the hand (Flinn, Trombly 
Latham, & Podolski, 2008). 
 
Lateral pinch strength.  Lateral pinch strength is the amount of force generated between the 
thumb and lateral surface of the second digit (Flinn, Trombly, Latham, & Podolski, 2008).   
 
Grip pressure. Pressure is equal to force divided by area (Serway & Vuille, 2012).  In this 
study, pressure is measured by the Novel Pliance-X system hand sensor. 
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CHAPTER 1 
INTRODUCTION 
Arthritis is the leading cause of disability in the United States and the prevalence is 
anticipated to increase as the population ages (Centers for Disease Control and Prevention, 
2010).  Currently there are 50 million Americans living with arthritis and related symptoms, and 
the incidence of arthritis is projected to reach 67 million Americans by 2030 (Centers for Disease 
Control and Prevention, 2010).  Arthritis causes joint damage, disability, pain, and decreased 
quality of life (Scott, Wolfe, & Huizinga, 2010).   
Adaptive equipment, tool design, and joint protection are relevant to individuals with 
arthritis to help protect their joints.  The appropriate tool or adaptive device reduces joint force 
and pressure and helps keep joints properly aligned to reduce pain during daily activities.  A 
study by Nordenskiold (1994) found that patients with arthritis prefer to use adaptive tools, 
specifically in the kitchen.  Additional research has supported the use of assistive technology for 
individuals with arthritis (Tuntland et al, 2009).  Chapter one will identify the background to the 
problem, the purpose of the study, the significance to occupational therapy and the research 
questions. 
Background to Problem 
Rheumatoid arthritis (RA) and osteoarthritis (OA) both cause chronic hand pain which 
may interfere with activities of daily living (ADL).  Articular cartilage in the body serves to 
provide a smooth gliding surface for the joint. Arthritic joints lose this cartilage which results in 
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joint pain because of reduced range of motion and the inability to withstand compressive forces 
(Roach & Tilley, 2008).  Swelling in the joints due to the body attempting to compensate for lost 
cartilage may also cause pain and restrict movement.  Over time joints may become deformed, 
which may lead to an increased pain level and further decreased joint mobility.  People with OA 
and RA may compensate by using awkward postures and positional adaptations during ADL 
such as meal preparation. 
Individuals with OA and RA often experience compromised hand function.  The ability 
to grip and pinch can be decreased.  Pinch and grip strengths are poorer in individuals with 
arthritis that those of non-disabled peers.  In a comparative study, patients with arthritis had 
48.5% lower grip strength than their non-disabled peers (Chen & Giustino, 2007).  Loss of grip 
strength and function is a major cause of disability (Rantanen et al., 1999).  Reduced grip 
strength may be caused by pain, fear of pain, disuse atrophy, and eventually mechanical 
disruption (Fraser, Vallow, Preston, Cooper, 1999). 
Tools are used in a variety of daily activities.  Therefore, it is important to select a tool 
with correct design parameters to facilitate effective performance and prevent injury (Sancho-
Bru, Giurintano, Perez-Gonzalez, & Vergara, 2003).  Improper selection of a tool could result in 
a risk of developing cumulative hand trauma disorders related to performance of repetitive tasks 
requiring high forces and awkward postures (Sancho-Bru et al., 2003).  The most favorable tool 
design avoids high-risk postures and excessive forces needed to hold the tool during activities; 
this decreases fatigue of the tissues which maximizes endurance.   
A variety of assistive devices are widely available for individuals with arthritis.  
Occupational therapists recommend adaptive equipment for clients with RA to protect joints 
from deformities such as MCP ulnar deviation, subluxation of the MCP joints, swan-neck 
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deformities, and boutonniere deformities (Scott & Kingsley, 2008).  Clients with OA often 
require equipment to protect the thumb carpometacarpal (CMC) joint due to thumb instability 
during daily activities (Cooper, 2007).  Adaptive equipment used for meal preparation may 
include: cooking utensils with large handles, electric can openers, knives with handles at a right 
angle, and spiked cutting boards for stabilizing food (Nordenskiold, 1994; James, 2008). 
 There are several types of adaptive knives currently available to consumers. Some 
popular varieties include rocker knives, rolling knives, and knives with a perpendicular handle.  
Consumers also have a choice of straight knives with handles and blades of various sizes and 
shapes.  The arthritis foundation currently endorses DuoGlide knives with their Ease-of-Use 
commendation logo (http://www.arthritis.org).  This logo is given to products that have 
undergone a series of tests to ensure that they are easy to use for individuals with arthritis.   The 
packaging of these products is also designed to be easily opened.  The knives feature a textured 
ergonomic handle and unique blade designs. 
 Nordenskiold (1994) examined the effects of educating patients about joint protection 
and provided them with adaptive equipment. Participants consisted of 53 women with RA. Each 
participant completed a 13-hour course on joint protection and was provided with various 
adaptive tools. Of the 663 devices that were used by the participants, 91% were still being used 
at follow-up six months to seven years later. Most of the devices given were in the category of 
“kitchen” and 95% of those devices were still being used at follow-up, including knives with a 
perpendicular handle.  Participants reported a significant decrease in pain when using the 
adaptive equipment with built up handles.  Overall, this study provided qualitative evidence to 
indicate that use of adaptive tools in the kitchen were effective and were preferred by patients 
with arthritis. 
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Problem Statement 
Individuals who have arthritis may experience difficulty and pain while gripping and 
using various tools.  This restricts full engagement in ADL.  Tool design may decrease the 
amount of pressure and force needed to complete an activity and reduce the amount of force on 
the hand facilitating joint protection.  There is a lack of information about hand pressure 
specifically related to adaptive equipment, especially the many types of adapted knives. 
Purpose 
The purpose of this study was to determine the amount of grip pressure and force used 
while cutting with a standard straight knife compared to the DuoGlide offset slicer knife 
(DuoGlide) and a knife with a handle at a 90̊ angle.  Occupational therapists currently 
recommend adaptive equipment but there is limited quantitative evidence to support that it 
decreases pressure and force to the joints of the hand.  This study focused on adaptive kitchen 
equipment, specifically knives, because they are essential for independent meal preparation.  
This study aimed to quantitatively measure the amount of pressure and force required by the 
hand to cut with various kitchen knives.  The researchers predicted there would be a difference in 
the amount of pressure and force required to cut with each knife. 
Significance to Occupational Therapy 
 Occupational therapists understand the importance of joint protection but currently have 
little quantitative information to support joint protection interventions.  Occupational therapists 
recommend adaptive tools to their patients. Therefore, evidence is needed to quantify the 
recommendation.  Knives are a common household object required for meal preparation and 
feeding, both of which are ADL encompassed within occupational therapy treatments.  This 
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study hopes to contribute to the body of knowledge that exists regarding how adaptive tools can 
improve the quality of life for people with arthritis and other disabilities.   
Limited research exists to determine the amount of force and pressure needed to grip 
utensils.  Currently, qualitative research has shown that patients with arthritis preferred to use 
adaptive equipment because it reduced pain (Nordenskiold, 1994).  More research is needed to 
find out how much pressure and force is reduced by using specific adaptive equipment to protect 
joints of the hand.  The proposed research study hopes to add to the research knowledge and 
support evidence-based practice.  Occupational therapists are healthcare professionals who 
recommend adaptive equipment as an intervention, so it is important for them to have knowledge 
of the research behind their recommendations.  The research behind adaptive equipment 
validates occupational therapy practice and may increase patient compliance with adaptive 
equipment. 
Research Question & Hypothesis 
This study aimed to quantitatively measure the amount of pressure and force required by 
the hand to cut with various kitchen knives in a normal population. 
• Does a knife with a 90̊ handle require less pressure and force to cut than a straight 
handled knife? 
• Does the DuoGlide offset slicer knife recommended by the Arthritis Foundation require 
less pressure and force to cut than a straight handled knife? 
• Does a knife with a 90̊ handle require less pressure and force to cut than the DuoGlide 
offset slicer knife recommended by the Arthritis Foundation? 
For this study, the null hypothesis is that there is no difference in the amount of pressure and 
force required to cut with any of the knives.  The alternative hypothesis is that that there is a 
HAND PRESSURE AND FORCE   
 6 
difference in the amount of pressure and force required to cut with at least one of the knives.  
The researchers predicted that (a) the knife with a handle at a 90̊ angle would require less 
pressure and force to cut than the straight handled knife, (b) the DuoGlide offset slicer knife 
would require less pressure and force to cut than the straight handled knife, and (c) the knife with 
a handle at a 90̊ angle would require less pressure and force to cut than the DuoGlide offset slicer 
knife. 
Summary 
 Occupational therapists treat individuals who have arthritis.  This population may have 
limitations engaging in occupations due to pain and deformity from the disease.  Adaptive 
equipment recommended by occupational therapists may reduce pain and increase occupational 
engagement by altering the amount of force and pressure required during a task.  Adaptive 
equipment is recommended to decrease the force and stress on the joints and encourage joint 
alignment in individuals with arthritis.  Most of the adaptive equipment available to consumers 
has not been quantitatively tested.  Research is needed to provide evidence for other types of 
adaptive equipment in addition to knives.  This study attempted to quantify the amount of grip 
pressure required to use three different adaptive knives in a normal population.  The following 
chapters review the literature, outline the methodology, report data, and discuss study results. 
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CHAPTER TWO 
REVIEW OF THE LITERATURE 
 Chapter two is a review of the literature that includes background information on 
arthritis, joint protection, tool design, grasp patterns, grip strength, and pinch strength.  The 
databases used in this study include Google Scholar, Cinahl Plus, and the Cochran Library.  This 
chapter also discusses the reliability and validity of the Novel Pliance-X system used to collect 
the data in this study.  The significance of this study to occupational therapy is described in terms 
of the Occupational Therapy Practice Framework and the biomechanical frame of reference. 
OA and the hand 
Osteoarthritis (OA) is a degenerative disorder of the synovial joints (Walker, 2009).  The 
most common symptoms associated with OA are pain, joint swelling, and stiffness in the joints 
(Koutroumpas, Alexiou, Vlychou, & Sakkas, 2010).  Typically, pain worsens with increased 
activity and when placing pressure or weight on the joints (Haara et al., 2004).  Another 
symptom of OA is osteophyte formation, which is a bony outgrowth due to the degeneration of 
cartilage.  These formations are called Bouchard’s nodes at the proximal interphalangeal (PIP) 
joints and Heberden’s nodes at the distal interphalangeal (DIP) joints (Walker, 2009; 
Koutroumpas, Alexiou, Vlychou, & Sakkas, 2010).  Over time, deformities in the hand may 
occur as a result of the arthritic processes.  In older adults with OA, the most frequently affected 
joint is the DIP joint.  The next most commonly affected joint is the first carpometacarpal (CMC) 
joint, followed by the PIP joint (Kalichman & Hernandez-Molina, 2010).  OA affects the PIP 
joint in 50% of patients with arthritis in the DIP joint (Kaufmann, Logters, Verbruggen, 
Windolof, Goitz, 2010).  However, studies have shown that OA is most prevalent in the 
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metacarpophalangeal (MCP) joint for individuals younger than 50 years old (Kalichman & 
Hernandez-Molina, 2010).   
The cause of OA is unknown, but is related to age (Oliveria, Felson, Reed, Cirillo, & 
Walker, 1995; Burks, 2005).  Trauma due to abnormal loading of the joint, heavy labor, obesity, 
and other joint injuries may increase the risk of OA (Burks, 2005; Haara et al., 2004).  The 
incidence of OA is more prevalent in women than men (Zhang et al. 2002; Oliveria, et al. 1995).  
Currently there is no cure for OA, but symptoms can be managed with surgery, medications, 
proper precautions, and changes in lifestyle (Burks, 2005). 
RA and the hand 
Rheumatoid arthritis (RA) is a chronic inflammatory disease in which the immune system 
attacks the synovial lining in the joints resulting in pain and inflammation.  Tissue volume in the 
joints increases due to increased numbers of synoviocytes in the synovial lining of the joint.  
Excess microvasculature in the synovial lining of the joint leaks fluid and increases the volume 
of synovial fluid in the joint capsule (Tehlirian & Bathon, 2008).  To establish the diagnosis of 
RA, an individual must have four or more of the following symptoms for a duration of at least 
six weeks: (a) morning stiffness in the joints, (b) symmetrical symptoms on both sides of the 
body, (c) a positive serum rheumatoid factor, (d) rheumatoid nodules, (e) arthritis in three or 
more joint areas including the hands, and (f) radiographic evidence (Scott & Kingsley, 2008; 
Tehlirian & Bathon, 2008).   
RA is a progressive degenerative disease that affects approximately 1% of adults.  Up to 
75% of those with RA are women (Scott & Kingsley, 2008; Tehlirian & Bathon, 2008).  
Although the cause of RA is unknown, genetic inheritance increases one’s likelihood of 
developing the disease.  RA can develop at any age, but usually peaks around 40 to 60 years of 
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age (Scott & Kingsley, 2008).  Individuals with RA experience acute episodes called flares.  
During flares, the individual experiences an increase in pain, swelling, and stiffness in the 
affected joints.  RA may result in joint damage and deformities such as ulnar deviation and 
subluxation of the MCP joints.  Additionally, individuals may develop swan neck or boutonniere 
deformities at the PIP joints (Tehlirian & Bathon, 2008). 
RA typically presents in symmetrical patterns.  The joints of the hand most commonly 
affected are the MCP, PIP, and the wrists (Ngian, 2010; Ryan & Oliver, 2002).  Pain may be 
accompanied by early morning stiffness that lasts a few minutes to several hours (Ryan & Oliver, 
2002; Tehlirian & Bathon, 2008).  
Joint Protection 
 Joint protection is often included in a treatment plan for individuals with arthritis and 
those at risk for developing arthritis.  The overall aim of joint protection is to: reduce loading to 
the vulnerable joints, develop strategies to help preserve the integrity of joint structures, relieve 
pain in the joints, and help reduce local inflammation (Hammond & Freeman, 2001; Cordery & 
Rocchi, 1998).  Joint protection principles for individuals with RA and OA should be carried out 
early in the disease process to proactively decrease joint stress and damage (Cordery & Rocchi, 
1998).  
 There are many joint protection principles for individuals with arthritis.  The first 
principle is to respect pain (Dziedzic et al., 2011; Cordery & Rocchi, 1998).  Joint pain is an 
indicator of joint harm for individuals with RA.  In comparison, joint pain is related to 
inflammation, weight-bearing on thin cartilage, or pressure from osteophytes for	  individuals with 
OA.  All individuals with arthritis should carry out activities and exercises only up to the point of 
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pain and should avoid activities that put strain on painful or stiff joints (Cordery & Rocchi, 
1998).  
The second joint protection principle is to maintain muscle strength and joint range of 
motion.  Strong muscles assist joints with support and stability.  Strength may be the best 
protection for most joints to prevent injury to the joint capsule, ligaments, and cartilage.  Joint 
range of motion needs to be maintained so that forces will not be transmitted to another joint 
(Cordery & Rocchi, 1998).  Individuals with arthritis should also use the joint in the most stable 
anatomic and/or functional plane so that resistance to the motion is provided by the muscles and 
not supporting ligaments (Klompenhouwer, Lysack, Dijkers, & Hammond, 2000; Cordery & 
Rocchi, 1998).  Occupational therapists recommend that individuals with arthritis use the 
strongest joints available (Stamm et al., 2007; Klompenhouwer, et al., 2000; Cordery & Rocchi, 
1998).  For example, when holding a dish, individuals may place their hands under the dish 
putting the weight on their palms.  The wrist and elbow joints, which are protected by stronger 
muscles than the fingers, are then supporting the weight (Cordery, 1965).  Additionally, 
individuals with arthritis should avoid staying in one position for long periods of time (Stamm et 
al., 2007; Cordery & Rocchi, 1998).  Muscles fatigue in static positions and tired muscles cannot 
support a joint, especially a joint with a load.   
One of the most important joint protection principles that individuals with arthritis should 
follow is to balance rest and activity (Stamm et al., 2007 & Cordery & Rocchi, 1998).  Cordery 
and Rocchi (1998) stated that the use of rest during ADL is the most effective way for an 
individual with arthritis to cope with the demands of the disease.  Finally, reducing the muscular 
force needed to perform an activity is a key principle in joint protection.  Use of assistive 
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devices, orthoses, and activity modification reduces the force on joints and can assist with the 
implementation of joint protection principles (Cordery & Rocchi, 1998; Melvin & Ferrel, 2000). 
Tool Design 
Tool design is important for individuals following joint protection principles.  
Researchers applied a mathematical model to find the optimal tool diameter for both males and 
females based on joint structures of the hand (Sancho-Bru, Giurintano, Perez-Gonzalez, & 
Vergara, 2003).  The results indicated that a 33mm-cylinder diameter for a tool handle is optimal 
for the general public.  This diameter allows the muscles to exert the minimum force needed to 
hold the tool and perform activities (Sancho-Bru et al., 2003).  Digit force on a tool is reduced as 
the handle diameter increases.  In a study of 24 individuals aged 20 to 43 by Kong and Lowe 
(2005), participants rated multiple mid-sized handles and found diameters of 30mm, 35mm, and 
40mm to be the most comfortable for maximum grip force exertions.  Comfortable handle 
diameters were approximately 19.7% of each participant’s hand length.  Despite a small sample 
size, this research considered both quantitative and qualitative components of handle comfort.  
Research also indicates that a handle perpendicular to the push/pull direction requires less force 
compared to a handle parallel to the push/pull direction (Seo, Armstrong, & Young, 2010).  
Handle placement that reduces ulnar deviation is beneficial because it requires the least amount 
of grip force (Hallbeck, Cochran, Stonecipher, Riley, & Bishu, 1990). 
When comparing the three knives in this study, the DuoGlide knife and the knife with a 
90̊ handle are recommended for individuals with arthritis to reduce pressure and force required to 
cut in place of a knife with a straight handle.  Based on tool design research by Seo, Armstrong, 
& Young (2010), a knife with a 90̊ handle should require less pressure and force to cut than a 
straight knife.	  	  This study was limited by a small sample size of eight participants, but it had a 
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randomized repeated measures design.  The procedures were rigorous and the analysis of the 
data was thorough.  The DuoGlide knife has been certified by the Arthritis Foundation with the 
Ease-of-Use commendation.  In order to receive this certification, the knife was tested at the 
Georgia Tech Research Institute by a group of researchers and eight individuals with moderate to 
severe arthritis (www.arthritis.org/product-test.php).  However, this research is not available to 
the public and was not accessible to this research team. 
Grasp Pattern 
 Grasp patterns vary depending on the type of tool being used.  This study specifically 
focused on the diagonal volar grasp and the cylindrical grasp because these are the two grasps 
needed to grip the knives being tested.  The diagonal volar grasp is considered a precision and 
power grasp (Edwards, Buckland, & McCoy-Powlen, 2002; Exner, 2010) used for straight 
handled knives.  Digits three through five are flexed around the knife handle, while digits one 
and two are extended.  The thumb is also adducted against the handle of the knife to increase 
precision (Edwards, Buckland, & McCoy-Powlen, 2002; Exner, 2010).  The cylindrical grasp is 
used to grip the knife with a handle at a 90̊ angle.  In cylindrical grasp digits two through five are 
flexed around the knife handle while the thumb opposes the fingers to stabilize the knife handle 
against the palm.  In the cylindrical grasp, the interphalangeal (IP) and MCP joint flexion varies 
depending on the size of the knife handle (Edwards, Buckland, & McCoy-Powlen, 2002; Exner, 
2010). 
Grip Strength 
 Grip strength is measured by using a dynamometer and norms have been established for 
adult age groups ranging from 20 to 96 years old.  In a study by Peters et al. (2011), 720 healthy 
patients ages 20 to 96 were divided into seven age groups with 50 males and 50 females in each.	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Grip strength was measured by having participants squeeze a Jamar dynamometer with their 
elbow at their side while flexed at 90̊.  Grip strength norms of healthy individuals were measured 
in pounds and can be found in Table 1.  Norms for grip strength decreased in participants ages 60 
and over.  The study by Peters et al. (2011) had a large sample size and used randomization for 
which hand was measured first, but validity was reduced due to local recruitment.  Similar 
studies found a curvilinear age-dependent decrease in grip strength for both genders and that 
males are generally stronger than females	  (Gunther, Burger, Rickert, Crispin, & Schulz, 2008;	  
Massy-Westropp, Gill, Taylor, Bohannon, & Hill, 2011).	    
Table 1 
Grip Strength Norms in Pounds as Reported in Peters et al. (2011) 
Age range Females (pounds) Males (pounds) 
20-29 62 100 
30-39 64 105 
40-49 63 107 
50-59 61 104 
60-69 56 95 
70-79 46 77 
>80 34 54 
 
Research has shown that arthritis causes a loss of grip strength and an increase in activity 
limitations for individuals with arthritis (Chen & Giustino, 2007; Thyberg, Hass, Nordenskiold, 
Gerdle, & Skogh, 2005; Guimaraes de Oliveira, Nunes, Aurin, & Santos, 2011).  Although 
individuals with arthritis tend to have lower grip strength, one study of 20 women found that 
individuals with OA used more grip force than the control group to hold a cylindrical plastic cup 
(Guimaraes de Oliveira, Nunes, Aurin, & Santos, 2011).  This data was collected using the 
piezoelectric force sensor while the participants moved a cup from a table onto a shelf.  
Participants with OA used an elevated grip force to complete the task (Guimaraes de Oliveira, 
Nunes, Aurin, & Santos, 2011).  The study suggests that the increased grip force may be due to 
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diminished sensitivity in the fingertips, finger joint inflammation, edema, or pain disrupting the 
process of controlling grip force.  Limitations of this study included a small sample size and that 
it only studied women.  However, Rahman, Thomas, and Rice (2002) reported similar results 
that lower grip strength was associated with increased grip force needed to open jars for well-
elderly participants. 
Pinch Strength 
Research indicates that pinch strength is significantly related to hand grip strength (Puh, 
2010).  An increase in hand pain is significantly correlated with a decrease in pinch strength 
(Dominick, Jordan, Renner, & Kraus, 2005).  Individuals with lower pinch strength also 
experience a decrease in hand function.  Puh (2010) found that females have 29% less lateral 
pinch strength than males.  Table 2 displays lateral pinch norms in kilograms.  As age increases, 
pinch strength decreases (Dominick, Jordan, Renner, & Kraus, 2005; Fowler, & Nicol, 2001, 
Mathiowetz et al., 1985; Puh, 2010).  In a study of 199 participants, normal participants aged 65 
to 79 years had the lowest measured lateral pinch strength (Puh, 2010).  This research by Puh 
(2010) was reliable because it followed the standardized procedures for pinch measurement 
written by Mathiowetz et al. (1985) and found similar results. 
Table 2 
Lateral Pinch Norms as Reported by Puh (2010) 
Age Females (kilograms) Males (kilograms) 
20-34 9.5 13.2 
35-49 10.1 14.1 
50-64 9.2 12.7 
65-79 7.8 11.1 
 
Arthritis has a debilitating effect on pinch strength.  As OA becomes more severe, the 
individual experiences decreased pinch strength (Dominick, Jordan, Renner, & Kraus, 2005).  In 
HAND PRESSURE AND FORCE   
 15 
particular, if OA is present in the CMC or MCP joints, hand strength is further reduced.  For 
individuals with RA, inflammation varies and hand function may decrease during episodes of 
increased inflammation known as flares.   In a study by Fowler and Nicol (2001),	  individuals 
with RA were able to produce only 41% of the lateral pinch force in their dominant hand 
compared to the lateral pinch force of control subjects.  The study contained 16 female 
participants who completed six functional activities.  Despite a small sample size, the results 
describe the functional differences for an individual with RA as compared to control subjects. 
Reliability and Validity 
Forces generated by the hand in this study were measured using the Novel Pliance-X 
system.  The Novel Pliance hand mat sensor provides a high resolution matrix that measures the 
forces and pressure generated by the hand and fingers 
(http://www.novel.de/productinfo/systems-pliance-hand.htm).  As pressure is applied to the hand 
sensor, cells on the grid are activated and the thickness of the mat decreases.  As this happens, 
the device wirelessly sends the data to a computer and displays a two-dimensional image of the 
forces in real time (Martinelli, Hurschler, & Rosenbaum, 2006). 
Novel Pliance devices have better accuracy, repeatability, and conformability compared 
to similar devices (Martinelli, Hurschler, & Rosenbaum, 2006).  Kuijt-Evers, Bosch, Huysmans, 
Looze, & Vink (2007) reported high accuracy for the Novel systems as well.  In a study by 
McPoil, Cornwall, and Yamada (1995), pressure and force values measured by a Novel device 
demonstrated a high level of validity and reliability.  Testing revealed a high level of reliability 
between trials and between sessions.  Lai and Li-Tsang (2009) reported 95% inter-rater 
reliability between three independent assessors.  They also found test-retest reliability intra-class 
correlation coefficient to be .998 (Lai & Li-Tsang, 2009).   
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Application to the Field of Occupational Therapy 
Meal preparation is an occupation recognized as an instrumental activity of daily living 
(IADL) according to the Occupational Therapy Practice Framework (American Occupational 
Therapy Association, 2008).  Characteristics of tools have the potential to increase or decrease 
the demands of an activity. 	  Knives are typically used for preparing meals, which is an essential 
part of living independently.  By changing the characteristic of a knife, the physical demands of 
the activity are altered to increase performance capacity of the individual (American 
Occupational Therapy Association, 2008).  Personal, social, and cultural roles and routines may 
be affected if an individual is unable to prepare meals, thus decreasing personal well-being.  
Occupational therapy interventions attempt to adapt, alter, and modify tasks, as well as prevent 
further injury, and restore ability to engage in occupation (American Occupational Therapy 
Association, 2008).  In this case, the adapted knife enables participation when the body functions 
and structures are deficient by reducing activity demands.   This study may provide evidence to 
support the use of adaptive knives that therapists currently recommend to meet specific 
intervention goals. 
The biomechanical frame of reference focuses on range of motion, strength, and 
endurance (Cole & Tufano, 2008).  Individuals with arthritis have reduced strength in their 
hands, which limits their functional occupational performance (Chen, 2007; Thyberg, Hass, 
Nordenskiold, Gerdle, & Skogh, 2005).  These limitations are considered a biomechanical 
disability.  The biomechanical frame of reference suggests activity adaptation to reduce the 
physical demands of occupations such as meal preparation.  Activity adaption involves changing 
the method or materials used to alter the biomechanical requirements (Cole & Tufano, 2008).  
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This study used the biomechanical frame of reference to support the use of an adaptive knife to 
increase occupational performance during meal preparation. 
Summary 
 Chapter one identified the purpose for this study and provided basic background to the 
problem.  Chapter two reviewed the literature regarding arthritis, joint protection, tool design, 
grasp patterns, grip strength, and pinch strength.  The literature review described why individuals 
with arthritis have decreased grip and pinch strength, and established normal strength 
measurements.  Due to decreased hand strength and the possibility of joint damage, individuals 
with arthritis should follow joint protection precautions.  The review of literature revealed that 
joint protection principles can be met with the use of adaptive equipment such as adaptive knives 
for meal preparation.  Tool design plays an important role in user preference.  The review of 
literature found the Novel Pliance-X system to be reliable and valid.  Chapter two also identified 
the biomechanical frame of reference and Occupational Therapy Practice Framework as they 
relate to the purpose of adaptive knives.  Chapter three discusses the methodology used for the 
study.  Chapters four and five report and discuss the results. 
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CHAPTER THREE 
METHODOLOGY 
Chapter three is an overview of the methodology and includes the study design, study site 
and population, equipment and instruments, and validity and reliability.  This chapter also 
describes procedures and data collection used in this study.  This research is intended to be a 
pilot study.  The researchers collected data on participants without any upper extremity 
disabilities to establish the normal hand pressure and force required to cut a foam pool noodle.  
The forms used in this study are described in chapter three and can be found in Appendices B, C, 
D and E. 
Study Design 
The research design chosen for this study is a descriptive quantitative design with a 
qualitative component.  This design was chosen because quantitative data is needed to determine 
the average pressure and force required to cut with the different knives used in the study.  By 
measuring the norms needed to cut with each knife, conclusions can be drawn regarding which 
knife requires the least pressure and force.  A quantitative research design was appropriate for 
this pilot study because it is objective and accurate for normative standard development 
(Kielhofner, 2006).  Qualitative research is more appropriate to establish individual preferences 
for adaptive equipment.  Another advantage of quantitative research is that results can be 
generalized more easily to similar populations.  Since this pilot study is quantitative, it allows for 
broader studies to emerge.  The qualitative component is used to determine the subjects’ 
thoughts on the three different knives.  The advantage of including a qualitative component is 
that it will provide a narrative account of subjects’ perceptions (Kielhofner, 2006). 
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Study Site and Population 
This study took place at the Cook-DeVos Center for Health Sciences in room 215 located 
in Grand Rapids, MI.  This location allowed researchers to access equipment needed for the 
study.  The study was submitted to the Human Research Review Committee (HRRC) and was 
approved on July 16, 2012.   
The subjects of this study were a convenience sample of Grand Valley State University 
students.  Individuals associated with the Occupational Therapy Department and individuals who 
have been diagnosed with an upper extremity disability, including arthritis, were excluded from 
the study.  The Occupational Therapy Department was excluded due to knowledge about the 
purpose of adaptive equipment for joint protection.  Individuals with upper extremity disabilities 
were excluded because the intention of the study was to collect data on a normal population.  
Research by Guimaraes de Oliveira, Nunes, Aurin, and Santos, (2011) found that individuals 
with OA used a higher grip force to hold an object than a normal population, for this reason the 
researchers chose a normal population to examine the knives. Excluding individuals with an 
upper extremity disability, including arthritis, ensures the pressure and force used was based on 
the tool design and not client factors. The researchers recruited 36 participants.  Similar research 
on ergonomic hand tools used a sample size of 12 participants (Kuijt-Evers, Bosch, Huysmans, 
Looze, & Vink, 2007).  Another study comparing handle diameters and comfort used a sample 
size of 24 participants (Kong & Lowe, 2005).  
Participants for the study were recruited by fliers placed in student mailboxes and on 
bulletin boards at the Cook-DeVos Center for Health Sciences, at Grand Valley State University 
(Appendix A).  The fliers contained a group e-mail address for volunteers to contact if they were 
interested in participating.  Additional participants were recruited through a mass e-mail sent to 
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the pre-occupational therapy club at Grand Valley State University.  Appointments were 
scheduled via e-mail.  This method was used because all Grand Valley State University students 
are issued e-mail addresses and have access to the computers on campus.  The researchers 
scheduled a maximum of seven participants per one-hour time slot.  Two participants were 
excluded from the study due to diagnosed upper extremity conditions, and one was excluded due 
to incomplete data. 
Equipment and Instruments 
Knives 
This study used three different knives.  The knives were selected based on consultation 
with a hand therapist, who is a professor at Grand Valley State University.  For the purpose of 
this study, each knife was assigned a letter.  The standard kitchen knife was letter A, the 90° 
angle knife was letter B, and the DuoGlide knife was letter C.  The knives used in this study 
were newly purchased and had not been used prior to this study.  
Foam Pool Noodle 
Participants used these knives to cut a foam pool noodle.  A pool noodle was chosen due 
to its consistent density and texture.  The pool noodle could also be held easily with hand 
position mimicking cutting a food object.   
Hand Sensor 
The pressure and force measurements were obtained using the Novel Pliance-X system 
(Figure 1). The Novel Pliance-X system includes: Pliance-X sensor mat, sensor cable, sync box, 
fiber optic cable with USB adapter, USB cable, novel belt, battery, battery cable, battery charger, 
start/stop trigger, and Bluetooth dongle (Novel Electronics Inc., 2011).  The Novel system uses a 
calibrated, accurate, and reliable capacitive sensor.  The sensor was connected to the Novel 
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Pliance-X software via Bluetooth.  The system provides measurements of force (N), peak 
pressure (kPa), mean pressure (kPa), area (cm2), force-time integral (N*s), and pressure-time 
integral (kPa*s) (Novel Electronics Inc., 2011).  The Novel Pliance-X sensor was used in this 
study because the thin, lightweight, and flexible design allows it to be wrapped around the knife 
handles.  The sensor was attached to the knives using micro pore tape.  Numerous research 
studies have found the tool to be both reliable and valid; these studies have been discussed in 
chapter two. 
 
Figure 1. Novel Pliance-X hand sensor, battery pack, and Novel Pliance-X blue tooth system 
Qualitative Component 
 Along with the objective measurements gathered with the Pliance-X system, the 
researchers asked the participants two qualitative questions (Appendix B): (a) Which of the three 
knives did you prefer? (b) Why did you prefer this knife over the others?  The quantitative data 
provided information on which knife requires the least amount of pressure and force to use, 
while the qualitative component provided information on which knife the participants preferred 
and why. 
Validity and Reliability 
 Chapter two discussed the reliability and validity of the Novel Pliance-X system.  The 
system was found to be both reliable and valid by numerous studies (Kuijt-Evers, Bosch, 
Huysmans, Looze, & Vink, 2007; Lai & Li-Tsang, 2009; Martinelli, Hurschler, & Rosenbaum, 
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2006; McPoil, Cornwall, and Yamada, 1995).  The hand sensor was calibrated on 8/30/2012.  
Researchers were trained by a Novel representative on the Novel Pliance-X system and a trained 
GVSU faculty member, and read the user’s manual to increase inter-rater reliability.  
Researchers practiced the procedures prior to collecting data on multiple dates to increase 
reliability.  Using the foam pool noodle provided a uniform object for each participant to cut. 
This increased the study’s reliability by making the trial as standardized as possible for each 
participant.  The qualitative questions were developed by the researchers and therefore do not 
have measured validity or reliability.   
To decrease attention bias, occupational therapy students, faculty, and staff were 
excluded from this study.  However, this study may have attention bias because our population 
may have been aware of the purpose of adaptive tools given that many are studying or working 
in the field of health science.  Recruiting participants from the Cook-DeVos Center for Health 
Sciences at Grand Valley State University also reduced external validity. 	  	  
Procedures 
Preparation 
In preparation for data collection, researchers read the Novel manual to learn how to use 
the hand sensor and related computer programming.  Researchers also met with a Novel 
representative in person and via email for training.  A GVSU trained faculty member provided 
guidance and additional notes about using the Novel Pliance-X system.  During data collection 
researchers performed the same tasks for every trial. 
Injury Response Preparedness 
In the unlikely event that a participant was harmed while participating in this research, 
emergency first aid was available by first aid certified student researchers. Emergency first aid 
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care would have been supervised by the research committee chair.  In the unlikely case an 
individual cut him/herself with one of the knives, the wound would have been cleaned and 
bandaged using the first aid kit located in room 215 in the Cook-DeVos Center for Health 
Sciences. If additional medical attention was required the participant would have been referred to 
an appropriate medical care center. Any costs for additional medical care would have been the 
participant’s responsibility and that of their medical insurance company. 
Data Collection 
On the days of data collection, four different tables were set up.  Table A contained the 
consent forms (Appendix C), the demographic intake forms (Appendix D), and the data 
collection forms for the qualitative component (Appendix B).  Table B held all of the supplies 
needed for testing including the foam pool noodles and the knives.  Table C was used for the 
actual data collection.  It was adjusted to a standard counter height of 36 inches and contained 
the cutting board and the materials needed for one research participant.  Each participant cut a 
foam pool noodle with each of the three different knives.  This study had minimal risks, but a 
first aid kit was available in case of injury.  A foam pool noodle was chosen as the material to be 
cut because it is uniform in texture, shape, and size.  Table D was set up with snacks and 
beverages for the participants of the study. 
Before participants arrived, researchers set up the hand sensor via Bluetooth to the 
computer and tested it for zero measurement.  As each participant arrived for his or her 
scheduled time, he or she was greeted by researchers and completed check-in at Table A.  Each 
participant was assigned an identification number.  The participant was informed about the study 
and risks involved.  The participant then completed a consent form and a demographic intake 
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form (Appendix D).  Each participant followed procedures A through E during data collection 
session:  
A. Researcher 1 demonstrated approximately where to hold the foam pool noodle using the 
non-dominant hand to reduce risk of injury while cutting. 
B. Researcher 2 taped the sensor on knife A, B, or C using micro pore tape as shown in 
figures 2, 3, 4 and 5. 
C. With the sensor taped in place, the senor was zeroed by researcher 3. 
D. Prior to cutting the foam noodle, researcher 1 measured the distance from the end of the 
foam pool noodle to the closest point of the second digit (Figure 6). 
E. Each of the participants stood at table C and use knife A to cut a piece of foam pool 
noodle using their dominant hand, one at a time.  
F. Researcher 3 operated the Novel Pliance software to collect the data.  
G. After participants finished cutting with each knife (Figure 7), researcher 2 removed the 
sensor from the knife and it was laid flat.  Researcher 3 tested then hand sensor for zero 
measurement.  
H. Steps B through E were repeated for knives B and C.  Mean pressure and force were 
recorded for each knife for later analysis. 
I. After participants have used all three knives, the researchers distributed a questionnaire to 
each participant regarding which knife was preferred and why (Appendix B). 
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Figure 2. Hand sensor wrapping around knife A 
 
Figure 3. Hand sensor wrapping around knife B 
 
Figure 4. Wrapping tape markers on knife C 
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Figure 5. Hand sensor wrapped around knife C 
The data collection process for each participant took approximately twenty minutes.  
Consent forms are stored in a locked cabinet in the occupational therapy department research 
files at the Cook-DeVos Center for Health Sciences, at Grand Valley State University.  Data 
from the Novel Pliance-X system, the demographic intake form (Appendix D), and the data 
collection exit form (Appendix B) was moved to an excel spreadsheet on a password protected 
computer to determine mean pressure and force.  Mean pressure and force data was analyzed 
using a repeated-measures ANOVA.  The researchers consulted with a professor at Grand Valley 
State University’s Statistical Consulting Center.  
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Figure 6. Measuring hand placement  
 
Figure 7. Participant cutting foam pool noodle with knife B 
Summary 
Chapter one identified the purpose of this study and provided basic background 
information to the problem.  Chapter two reviewed the literature and found the Novel Pliance-X 
system to be reliable and valid.  Chapter three provided an overview of the methodology 
including the study design, study site and population, validity and reliability, and procedures.  
The specific knives used and the data collection program was described in this chapter.  Chapter 
four reports the study results.  Chapter five then discusses the results.  
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CHAPTER FOUR 
RESULTS AND DATA ANALYSIS 
Chapter four is a discussion of the study results. It also describes the characteristics of the 
participants.  Quantitative results indicate which knife required the least average pressure and 
force to cut a foam pool noodle.  The qualitative results indicate which knife participants 
preferred and why.   
Characteristics of Participants 
 This study contains data from 33 participants.  Twenty-seven participants were females 
and six were male (Table 3).  The average age of participants was 22 years, with a minimum of 
18 years, and a maximum of 45 years (Table 4).  One participant was left-handed and 32 were 
right-handed (Table 5).  Twenty-seven participants reported their primary occupation as student; 
six reported other primary occupations or did not report an occupation. 
Table 3 
Gender Demographics 
Male Female Total 
6 27 33 
 
Table 4 
Age Demographics in Years 
Minimum Maximum Average 
18 45 22 
 
Table 5 
Handedness 
Right Left Total 
32 1 33 
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Quantitative Results 
Hand Placement  
Participants were asked to hold the foam pool noodle at a self-determined comfortable 
placement.  Researchers measured the distance from the end of the piece of foam pool noodle to 
the closest point of the second digit (index).  Across all three knives, participants held the foam 
pool noodle at a point ranging from 1.5 to 6.0 inches from the end of the foam pool noodle.  The 
average hand position was between 3.48 and 3.71 inches (Table 6).  An analysis of hand 
placement was not performed; it is described for the purpose of study replication. 
Table 6 
Hand Placement from the End of the Foam in Inches 
Knife Minimum Maximum Mean 
Standard (A) 2.00 5.50 3.48 
90˚ Handle (B) 1.50 6.00 3.50 
DuoGlide (C) 1.50 5.50 3.71 
 
Pressure  
To measure the average pressure (kPa) for each knife, the researchers used the Novel 
Pliance-X system to collect numerical values for every millisecond of cutting time.  The mean 
pressure was determined by averaging the data from each recorded millisecond for each 
participant.  The overall average for each knife was then determined by averaging the mean 
pressure collected from each participant.  The following equation was used: pressure (kPa) = 
force/area.  The results in table 7 indicate that knife C (DuoGlide) required the least average 
pressure at 5.73kPa with a standard deviation of 2.776 to cut a piece of foam pool noodle.  Knife 
A (standard) required 9.52 kPa with a standard deviation of 6.073 of pressure.  Knife B (90˚ 
handle) required the highest average pressure at 12.67 kPa with a standard deviation of 5.998.  
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Table 7 
Average Pressure (kPa) for Each Knife 
Knife Min Pressure (kPa) Mean Pressure (kPa) Max Pressure (kPa) 
Standard (A) 1.02 9.52 ± 6.07 25.77 
90˚ Handle (B) 3.66 12.67 ± 6.00 26.49 
DuoGlide (C) 1.51 5.73 ± 2.78 13.01 
 
To calculate statistical significance for pressure a repeated-measures ANOVA was used.  
Mauchly’s Test of Sphericity was used to test one of the assumptions (homogeneity of variance).  
Mauchly’s Test of Sphericity was not significant with a p-value of 0.138, thus the researchers 
failed to reject the null hypothesis.  All of the assumptions for the repeated-measures ANOVA 
were met for pressure.  
The repeated-measures ANOVA results for pressure showed there was a statistically 
significant difference (p-value= 0.000) between the three knives tested.  Since there was a 
significant difference between the knives for pressure, pairwise comparisons were conducted to 
determine specific pressure differences between a) knife A and knife B, b) knife A and knife C, 
and c) knife B and knife C.  The overall significance for the pairwise comparisons was set at 
p=.05; significance per pair was then set at p= .0167.  The difference between the mean pressure 
for knife A (standard) and knife B (90˚ handle) was -3.152, indicating that knife B (90˚ handle) 
required more pressure than knife A (standard) with a significant p-value of .011.  The difference 
between the mean pressures for knife B (90˚ handle) and knife C (DuoGlide) was 6.939 
indicating that knife B (90˚ handle) required more pressure than knife C (DuoGlide) with a 
significant p-value of .000.  The difference between the mean pressure for knife A (standard) and 
knife C (DuoGlide) was 3.788 indicating that knife A (standard) required more pressure than 
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knife C (DuoGlide) with a significant p-value of .001 (Table 8).  Overall, knife B (90˚ handle) 
required the most pressure to cut with, followed by knife A (standard), and knife C (DuoGlide) 
required the least amount of pressure to cut with.  
Table 8 
Pairwise Comparisons for Pressure 
Knife Pairs Mean 
Difference 
Standard 
Deviation 
t Degrees of 
Freedom 
Sig.  
(2-tailed) 
Knife A – Knife B -3.152 6.690 -2.706 32 .011 
Knife A – Knife C 3.788 5.856 3.716 32 .001 
Knife B – Knife C 6.939 4.911 8.117 32 .000 
 
Force 
To measure the average force (N) for each knife, the researchers used the Novel Pliance-
X system to collect numerical values for every millisecond of cutting time.  The mean force was 
determined by averaging the data from each recorded millisecond for each participant.  The 
overall average for each knife was then determined by averaging the mean force collected from 
each participant.  The following equation was used: force (N) = pressure x area.  The results in 
table 9 indicate that knife C (DuoGlide) required the least average force at 51.36 N with a 
standard deviation of 25.381 to cut a piece of foam pool noodle.  Knife A (standard) required 
57.06 N of force with a standard deviation of 36.520.  Knife B (90˚ handle) required the highest 
average force at 75.88 N with a standard deviation of 36.178.  
Table 9 
Average Force (N) for Each Knife 
Knife Min Force (N) Mean Force (N) Max Force (N) 
Standard (A) 6.11 57.06 ± 36.52 154.60 
90˚ Handle (B) 21.96 75.88 ± 36.18 158.94 
DuoGlide (C) 13.63 51.36 ± 25.38 117.11 
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To calculate statistical significance for force a repeated-measures ANOVA was used.  
Mauchly’s Test of Sphericity was used to test one of the assumptions (homogeneity of variance).  
Mauchly’s Test of Sphericity was not significant with a p-value of 0.152, thus the researchers 
failed to reject the null hypothesis.  All of the assumptions for the repeated-measures ANOVA 
were met for force.  
The repeated-measures ANOVA results for force showed there was a statistically 
significant difference (p-value= 0.000) between the three knives tested.  Since there was a 
significant difference between the knives for force, pairwise comparisons were conducted to 
determine specific force differences between a) knife A and knife B, b) knife A and knife C, and 
c) knife B and knife C.  The overall significance for the pairwise comparisons was set at p=.05; 
significance per pair was then set at p= .0167.  The difference between the mean force for knife 
A (standard) and knife B (90˚ handle) was -18.818 indicating that knife B (90˚ handle) required 
more force compared to knife A (standard) with a significant p-value of .010 (Table 10). The 
difference between the mean forces for knife B (90˚ handle) and knife C (DuoGlide) was 24.515 
indicating that knife B (90˚ handle) required more force than knife C (DuoGlide) with a 
significant p-value of .000.  The difference between the mean force for knife A (standard) and 
knife C (DuoGlide) was 5.697, however this was not significant with a p-value of .384.  Overall, 
knife B (90˚ handle) required more force to cut with than knife A (standard) and knife C 
(DuoGlide).  
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Table 10 
Pairwise Comparisons for Force 
Knife Pairs Mean 
Difference 
Standard 
Deviation 
t Degrees of 
Freedom 
Sig.  
(2-tailed) 
Knife A – Knife B -18.818 39.438 -2.741 32 .010 
Knife A – Knife C 5.697 37.086 .882 32 .384 
Knife B – Knife C 24.515 29.087 4.842 32 .000 
	  
Qualitative Results 
Qualitative data was collected from the research participants on the data collection exit 
form (Appendix B).  Participants circled which knife they preferred (Table 11) and wrote a 
comment as to why they preferred the knife they chose.  Out of 33 participants, 28 preferred 
knife C (DuoGlide), four preferred knife A (standard), and one preferred knife B (90˚ handle).   
Table 11 
Knife Preference 
Knife A Knife B Knife C 
Standard 90˚ Handle DuoGlide 
4 1 28 
 
Themes 
Themes were determined through a process of triangulation between the three 
researchers.  Comments written by each subject on the data collection exit form (Appendix B) 
were typed verbatim by researcher 2 into an excel spreadsheet on a password protected 
computer.  Researcher 1 verified comments.  Researcher 2 independently examined the 
comments by reading over them several times and identified two main themes, comfort and ease 
of use.  Researchers 1 and 3 also independently identified the same themes.  Some participants 
used both words to describe their preferred knife.  It was decided to count the number of 
occurrences of the words “comfort” and “easy” within the data set.  This method is supported by 
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Crestwell (2007) who states this method is “typically associated with quantitative research or 
systematic approaches to qualitative research” (p. 152).  Researcher 2 counted the occurrences of 
each word, and the results were independently verified by researchers 1 and 3.  
Out of four people who preferred knife A (standard), three described the knife as easy 
and two described it as comfortable.  Other comments for knife A included, “It was the knife I 
am most familiar with,” and, “It was more natural feeling to hold.”  One participant preferred 
knife B (90˚ handle) and wrote, “It was the most comfortable.”  Out of 28 participants who chose 
knife C, 15 described their preferred knife as easy to use.  One participant wrote, “It was so 
smooth! Very easy motion.”  Another wrote, “I thought it was the easiest to hold and to cut 
with.”  An additional five participants described their preferred knife as comfortable. One 
participant wrote, “It was the most comfortable in my hand.” 
Pain 
Participants reported the pain they experienced while cutting foam pool noodles with the 
knives on the data collection exit form (Appendix B).  The Functional Pain Scale used in this 
study was found to be reliable and valid by Gloth, Scheve, Stober, Chow, & Prosser (2001).  The 
scale ranges from 0 (no pain) to 5 (intolerable and unable to verbally communicate because of 
pain).  Thirty-three out of 34 participants reported a 0 (no pain).  Only one participant reported a 
pain level of 1 (tolerable and does not prevent any activities). 
Summary 
 The previous three chapters discussed the background of the problem, its significance to 
occupational therapy, and the purpose of this research.  Chapter two included a literature review 
and established the reliability and validity of the Novel Pliance-X system.  Chapter three 
described the methodology and procedures for the present study.  The results of this study 
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conclude that knife C (DuoGlide) requires the least average pressure and force to cut a piece of 
foam pool noodle and  knife B (90˚ handle) requires the highest average pressure and force.  
According to the repeated-measures ANOVA analysis these results were statistically significant.  
Chapter five discusses the quantitative and qualitative results and their implications for the field 
of occupational therapy.  It also discusses the limitations of this study. 
 
HAND PRESSURE AND FORCE   
 36 
CHAPTER FIVE 
DISCUSSION AND CONCLUSIONS 
 Chapters one and two gave background to the research question.  Chapter three described 
the methodology, and chapter four reported the results.  Chapter five will discuss the findings of 
the study and apply the results to the field of occupational therapy. 
Discussion of Findings 
The purpose of this study was to quantitatively measure the amount of pressure and force 
required by the hand to cut with various kitchen knives in a normal population.  The research 
questions were as follows: 
• Does a knife with a 90̊ handle require less pressure and force to cut than a straight 
handled knife? 
• Does the DuoGlide offset slicer knife recommended by the Arthritis Foundation require 
less pressure and force to cut than a straight handled knife? 
• Does a knife with a 90̊ handle require less pressure and force to cut than the DuoGlide 
offset slicer knife recommended by the Arthritis Foundation? 
To answer these research questions, data was collected using the Novel Pliance-X system.  The 
researchers predicted that (a) the knife with a handle at a 90̊ angle would require less pressure 
and force to cut than the straight handled knife, (b) the DuoGlide knife would require less 
pressure and force to cut than the straight handled knife, and (c) the knife with a handle at a 90̊ 
angle would require less pressure and force to cut than the DuoGlide.  These predictions were 
incorrect.  
The results showed that the DuoGlide knife required significantly less pressure to cut 
with than the knife with a handle at a 90̊ angle and the standard knife.  The knife with a handle at 
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a 90̊ angle required significantly more pressure to cut with compared to both the DuoGlide and 
the standard knife.  The DuoGlide knife also required significantly less force to cut with than the 
knife with a handle at a 90̊ angle, but the results were not significant when compared to the 
standard knife.  The knife with a handle at a 90̊ angle required significantly more force to cut 
with than both the DuoGlide and the standard knife.  The results from the pairwise comparisons 
for pressure are consistent with the results from the pairwise comparisons for force in that the 
knife with a handle at a 90̊ angle required the most pressure and force to cut a foam pool noodle.  
Our findings do not reflect the current research on handle orientation that a handle 
perpendicular to the push-pull direction should require less force to cut with (Seo, Armstrong, & 
Young, 2010).  The researchers expected the knife with a handle at a 90̊ angle to require the least 
pressure and force based on prior tool design research.  There may have been other factors 
besides handle orientation that contributed to the outcomes of the present research.  These factors 
may include: blade sharpness, blade serration, and different handle size and shape.  
The qualitative data from this study indicates that 28 out of 33 participants preferred the 
DuoGlide knife.  The participants in this study were from a normal population and data from 
participants with arthritis may differ based on pain.  According to Nordenskiold (1994), 95% of 
people with arthritis continued to use adaptive equipment for meal preparation.  Qualitatively, 
participants in the present study reported that the DuoGlide was easiest to use and most 
comfortable.  Our study reflects the findings of Nordenskiold (1994) in that the adapted knife 
was preferred over a standard knife. 
Applications to Occupational Therapy Practice 
Occupational therapists recommend adaptive equipment to help people engage in ADL 
such as meal preparation.  Currently there are several adaptive knives available for people who 
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have arthritis and other upper extremity diagnoses that impact grip strength, pain, and joint 
integrity.  This study quantified the pressure and force required for two adaptive knives and one 
standard knife.  Based on this research study, use of the DuoGlide knife is supported in 
occupational therapy practice because it required the least amount of pressure and force to cut a 
foam pool noodle.  This follows the joint protection principle of reducing muscular force during 
activities of daily living (Cordery & Rocchi, 1998).  These preliminary findings may lead to a 
change in the recommendation that occupational therapists are making for adapted knives for 
clients that need to reduce pressure and force to the hand.  
Even though the knife with a handle at a 90̊ angle required the most pressure and force 
out of all three knives, it may be recommended for someone with arthritis to decrease the 
possibility of ulnar deviation during meal preparation.  Using the knife with a handle at a 90̊ 
angle keeps the hand in a cylindrical grasp where the digits are not in ulnar deviation (Edwards, 
Buckland, & McCoy-Powlen, 2002; Hallbeck, Cochran, Stonecipher, Riley, & Bishu, 1990).  For 
this reason, it may be favored by the clients to reduce pain.  Respecting pain is a joint protection 
principle, thus this knife may still be recommended by occupational therapists (Cordery & 
Rocchi, 1998; Hallbeck, Cochran, Stonecipher, Riley, & Bishu, 1990).  The present study does 
not reflect the current research on handle orientation that a handle perpendicular to the push-pull 
direction should require less force to cut with (Seo, Armstrong, & Young, 2010).  
Limitations 
 This study has several limitations.  The participants were a convenience sample of 
predominantly female undergraduate students entering the healthcare field.  The sample was a 
normal population, which means the results cannot be generalized to other populations.   
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The researchers used three knives currently available to the public.  The different handle 
shapes and sizes may have affected the qualitative self-report measure in terms of comfort.  The 
handle contouring and size could have made individual knives more comfortable to hold.   
Familiarity with the knives may have also affected the outcomes of this study.  This may have 
been the first time the participants in the study used adaptive knives.  Additionally, the knives 
each had different degrees of serration.  It is highly probable that the different blades affected the 
self- reported ease of use.  Regardless of handle, each blade serration and sharpness may have 
affected the quantitative pressure and force results due to how well it cut through the foam, but 
these were knives that were commercially available. Researchers did not test knife blades for 
sharpness.   
Suggestions for Further Research 
This study is a pilot study; therefore it should be replicated with a sample that includes a 
larger, more diverse population.  If possible, the knives should have similar handles and blades.  
In this study, no participants reported that pain interfered with their ability to use the knives.  
However, pain may be the reason that people with arthritis use adaptive equipment.  
This study found which knife required the least amount of pressure and force to cut with 
by a normal population.  However, further research needs to be done on a population with 
arthritis because outcomes may be different.  Research indicates that individuals with OA use 
significantly higher grip force to grab an object compared to a normal population (Guimaraes de 
Oliveira, Nunes, Aurin, & Santos, 2011).  Since adaptive equipment is recommended to 
individuals with arthritis, pressure and force required to use each knife as well as knife 
preference should be determined using a population with arthritis.  
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Conclusion 
This study aimed to quantify the amount of pressure and force needed to cut with two 
adapted knives as compared to a standard knife.  	  The results of this study indicate that the 
DuoGlide knife requires less pressure and force to cut with than a standard knife and a knife with 
a handle at a 90̊ angle.  Future research using the Novel Pliance-X system is still needed to 
quantitatively support the use of other adapted equipment recommended by occupational 
therapists. 
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Recruitment Fliers 
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Appendix B 
Data Collection Exit Form 
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Participant number_______ 
 
Which of the three knives did you prefer (Circle)? 
         
 
 
Why did you prefer this knife over the others? 
 
 
Please rate your pain while using the kitchen knives:                      0     1     2     3     4     5 
Rating Description 
0 No pain 
1 Tolerable (and does not prevent any activities) 
2 Tolerable (but does prevent some activities) 
3 Intolerable (but can use telephone, watch TV, or read) 
4 Intolerable (but cannot use telephone, watch TV, or read) 
5 Intolerable (and unable to verbally communicate because of pain) 
 
 
 
 
 
 
Gloth, F. M., Scheve, A. A., Stober, C. V., Chow, S., & Prosser, J. (2001). The functional 
 pain scale: Reliability, validity, and responsiveness in an elderly population. Journal of 
 American Medical Directors Association, 2(3), 110-11.
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Appendix C	  
Consent Form
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Participant Consent Form 
 
 
1. Title of Study: Protecting the Hand: Quantifying pressures involved in daily 
living activities with adapted tools (knives) 
 
2. Researchers: Melissa Hudecz , Lillian Schaefer,  Katie Simon, Committee Chair and 
Principle Investigator: Dr. Jeanine Beasley, EdD, OTR, CHT, FAOTA.  
 
3. Purpose of Study:  The purpose of this study is to determine the amount of grip 
pressure and force used while cutting with a regular knife compared to the amount of 
pressure and force required to use two different adapted knives, the DuoGlide knife 
and a knife with a handle at a 90° angle.  
 
4. How Participants Were Selected: You were selected for participation in this study 
because you responded to a flier at Cook-DeVos Center for Health Sciences.   
 
5. Procedure Of Study: 
• The study will take place in Cook-DeVos Center for Health Sciences, room 215, 
in Grand Rapids, MI.  
• You will be asked to fill out a demographic intake form.  
• You will be asked to cut a foam pool noodle using three different knives that will 
be connected to a hand sensor.  
• Each knife test should not exceed 2 minutes. The entire data collection process 
should not exceed 1 hour.  
• At the end of the study you will be asked about which knife you preferred.  
• There are no out of pocket costs to you for participation in this study.  
 
6. Risks and Benefits:  
• There is no direct benefit of your participation in this study. However, the 
information obtained may benefit individuals in choosing a handle diameter for 
adaptive equipment. 
• This study involves minimal risk. There is a chance you could cut yourself if the 
knife is not handled appropriately. Researchers will demonstrate proper use of the 
knives and store them in a safe location away from testing area between uses. 
 
7. Compensation For Harm: If you are harmed from participating in this research 
emergency first aid will be provided to you and you will be referred to an appropriate 
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medical care center. Any costs for additional medical care that may be required 
are your responsibility and that of your medical insurance company.   
 
8. Voluntary Participation: Your participation in this research study is completely 
voluntary. You do not have to participate. You may quit at any time without any 
penalty to you. 
 
9. Privacy and Confidentiality: You will be assigned a participant number to identify 
you.  Your name will not be given to anyone other than the research team. All the 
information collected from you or about you will be kept confidential, and filed in a 
locked cabinet in the Occupational Therapy Research file. 
 
10. Research Study Results: If you wish to learn about the results of this research study, 
or if you have any questions after the study, you may request that information by 
contacting Dr. Jeanine Beasley at beasleyj@gvsu.edu or 616-331-3117. 
 
11. Payment: There will be no payment for participation in the research. 
 
12. Agreement To Participate: By signing this consent form below you are stating the 
following: 
• The details of this research study have been explained to me including what I am 
being asked to do and the anticipated risks and benefits; 
• I have had an opportunity to have my questions answered; 
• I am voluntarily agreeing to participate in the research as described on this form 
• I may ask more questions or quit participating at any time without penalty. 
 
________ (Initial here) I have been given a copy of this document for my 
records. 
 
Print Name: ___________________________________________ 
 
Sign Name in ink: ______________________________________ 
 
Date Signed: __________________________________________ 
 
If you have any questions about your rights as a research participant, please contact the 
 Research Protections Office at Grand Valley State University, Grand Rapids, MI  
   Phone: 616-331-3197  e-mail: hrrc@gvsu.edu 
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Appendix D 
Demographic Intake Form 
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Demographic Intake Form 
 
Age: _________   
 
Gender: Female Male 
 
Handedness: Left  Right  Ambidextrous 
 
Occupation: ___________________________________________________________________ 
 
History of hand injury or conditions:   Yes  No 
 
If yes, please explain: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
 
 
 
 
 
Hand Placement: 
Knife A_______ 
Knife B_______ 
Knife C_______ 
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HRRC Letter of Approval 
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